Alginate-chitosan coated lecithin nanoparticles loaded with Curcumin have been prepared by layer deposition of alginate on lecithin/chitosan nanoparticles and were characterized. The prepared nanoparticles were physicochemically characterized to ensure alginate coating. The encapsulation efficiency and loading of the active nutraceutical were assessed using spectrophotometric measurements. The biological activities of the prepared nanoparticles were assessed by membrane stabilization effect of the nanoparticles on goat RBCs under hypotonic and thermally induced conditions. The biocompatibility of blank nanocarriers was assessed by performing In vitro cytotoxicity studies on HEK cell lines. The release profile of curcumin from alginate uncoated and alginate coated nanoparticles were compared to analyze effect of surface charge of the particles on studied bioactivities. It was found that uniformly sized alginate coated nanoparticles were formed with negative surface charge. It was also observed that there was no significant difference due to surface charge of the nanoparticles on cytotoxicity and membrane stabilization activity. However alginate coating offered more controlled release of the curcumin in acidic conditions suggesting that these alginate coating imparted enteric coating character.
INTRODUCTION
Nanotechnology has offered numerous benefits to the field of pharmaceuticals/ cosmeceuticals/nutraceutical industries.
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These benefits were availed whenever active ingredient were unable to exert intended action for treatment or prevention of the disease process, functional food, preservatives, gene delivery, improved topical adherence etc. Core shell nanoparticles has been active area of research within the domain of nanoformulations as it has offered great benefits especially in the drug delivery systems of pharmaceutical industry. Soppimath et al. have synthesized polymeric core shell nanoparticles for pH responsive delivery of the drug molecules. 4 In an another study, Pacitaxel (anticancer drug) delivery was greatly enhanced when incorporated in lipid core shell nanoparticles stabilized by Pluronic F-127 polymer. 5 Lipid core shell nanoparticles were found to be effective for controlling the release of proteins like Vascular Endothelial Growth Factor (VEGF) and lysozyme. 6 The core shell nanoparticles also present opportunity of surface modification for targeted delivery of potent anticancer drugs therefore reducing chances of chemotherapy induced toxicity. 7 Hence further exploring the possibilities of formation of novel core-shell nanoparticles and their applications present an exciting opportunity in novel drug delivery platform of nutraceuticals.
Curcumin, bioactive agent present in yellow spice Turmeric and commonly used as culinary Ingredient in South Asia is non-toxic and pluripotent molecule being investigated for intervention in inflammation. 8 carcinogenesis, diabetes 9 and other ailments. However, its use as marketed formulation has been restrained due to its low aqueous solubility and hence bioavailability. For improving this pharmacokinetic properties various nanocarriers have been evaluated. e.g. curcumin was loaded in lactoferrin nanoparticles for alleviating neurotoxicity, 10 curcumin nano-phospholipid dispersion for improved bioavailability, 11 curcumin loaded solid lipid nanoparticles for treatment in arthritis, 12 solid lipid nanoparticles loaded with curcumin for anti-inflammatory activities, 13 mixed emulsion of curcumin for improving bioaccessibility, 14 etc. Although the preparation of various core shell nanoparticles and encapsulation of curcumin in different nanoformulations has been studied extensively, there are very few researches directed toward exploration of effect of curcumin upon its encapsulation in core shell nanoparticles especially lipid core shell nanoparticles. In previous studies we have presented encapsulation of curcumin in self assembled lipid core shell nanoparticles for functional food applications.
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However the mentioned nanoparticles possessed chitosan coating imparting positive surface charge to the nanoparticles. It was learnt that these nanoparticles owing to their chitosan coating were prone to degradation in acidic environment. 16 It was also inferred that chitosan would lose its mucoadhesive property at an acidic pH in the stomach, therefore losing its important physicochemical properties. To circumvent this important problem we decided to tune the surface charge of the lecithin core shell nanoparticles by acid resistant biodegradable biopolymer sodium alginate. In this article we present preparation of curcumin loaded lipid core shell nanoparticles coated by primary chitosan and secondary sodium alginate layer availing sequential electrostatic interactions between lipid/polymer and then polymer/polymer which allowed tuning the surface charge on nanoparticles from positive to negative. The system was characterized physicochemically and was subjected to in-vitro membrane stabilization studies as an anti-inflammatory bioassay. The impact of surface charge of similarly sized nanoparticles on cytotoxicity of Human Embryonic Kidney Cell Lines (HEK) was assessed. Photostability enhancement of curcumin by both types of lipid core shell nanoparticles were performed subjecting these nanoparticles to ultraviolet radiation of sufficient intensity. The results obtained confirm that these type of lipid core shell nanoparticles present an oppprtunity to manipulate surface charge, release profile, cytotoxicity and environmental stability and could be availed for encapsulation of hydrophobic small organic molecules having pharmacokinetic issues, environmental instability, etc.
MATERIALS AND METHODS
Soya Lecithin (Lipoid S45) was a kind gift from Lipoid GmBH, Gemany. Chitosan (DA 85%, MW: 150 kDa) was obtained from Central Institute of Fisheries Technology, Cochin Kerala, India; Sodium alginate was procured from Sisco Research laboratories, Andheri, Mumbai, India. Goat RBCs were prepared from heparinised blood obtained from veterinary approved local slaughterhouse. All other chemical and reagents used in the bioassays were procured from Fluka and Sigma AAldrich, USA and were used as received without further purification.
Preparation of loaded and unloaded lecithin/ chitosan nanoparticles and alginate coated lecithin chitosan nanoparticles
Blank and curcumin loaded lecithin/chitosan nanoparticles were prepared by procedure described by Sonvico et al. 17 Briefly soya lecithin was dissolved in ethanol to constitute organic phase whereas chitosan solution of prescribed concentration constituted aqueous phase. The organic phase was slowly injected with syringe with sharp needle into stirring aqueous phase to form self assembled lecithin chitosan nanoparticles. For formation of curcumin loaded chitosan nanoparticles, varied concentrations of curcumin were added in the organic phase along with lecithin. Alginate coated lecithin/chitosan nanoparticles (ALG-LCN) were prepared by the slight modifications in the met hod described by Bagre et al. and Lie et al. [18] [19] Briefly 10 mg/ml concentration sodium alginate stock solution was prepared. The curcumin loaded and blank lecithin/ chitosan nanoparticles after preparation were subjected to ultracentrifugation at 5000 rpm speed (REMI, India) for 4 h. The centrifugation at this controlled speed allowed formation of LCN concentrated suspension layer near bottom of centrifuge tubes and clearer solution at the top. The clear supernatant was discarded and concentrated LCN were added dropwise to the previously diluted solution of sodium alginate. The mixture was allowed to stir for 1 h. in order to complete coating process of sodium alginate. After 30 min, the solution was subjected to ultracentrifugation (15,000 rpm; REMI India) to form pellets of the ALG-LCNs. For formation of curcumin loaded ALG-LCNs, concentrate of curcumin loaded LCN was added to sodium alginate solution. The optimization of the ALG-LCNs was performed varying the concentration of sodium alginate and assessing its hydrodynamic diameter, surface charge inversion, encapsulation efficiency and curcumin loading.
Size and particle size distribution
Size of the prepared nanoparticles was assessed by measuring hydrodynamic diameter of the nanoparticles in suspension by dynamic light scattering technique using Malvern instrument (Zetasizer ZS nano, UK). The laser wavelength of 633 nm was used and all measurements were carried out in triplicate and sizes were expressed in nm ±SD. Particle size distributions were expressed in the form of polydispersity index (PDI).
Surface charge (Zeta potential)
Surface charge on the nanoparticles were measured by measuring electrophoretic mobility of the nanoparticles under applied electric field. The analysis was performed using Zetasizer nano ZS instrument (Malvern UK) and results were expressed in millivolts ± SD.
Morphology
Morphology of the prepared nanoparticles was assessed by Scanning electron microscopy (SEM) technique. For SEM analysis the samples were prepared by spin coating of the samples on the grapheme sheet. The samples were silver sputtered to increase sensitivity of electron microscopy.
Encapsulation efficiency (EE) and Curcumin loading (CL)
The Encapsulation efficiency and curcumin loading were measured using spectrophotometric techniques using JASCOv600 UV spectrophotometer. The λmax of the curcumin in the concentration range of 1-10 ppm concentrations were observed at 421 nm with squared correlation efficient of 0.994. The particles pellets of the nanoparticles obtained were allowed to disintegrate in absolute ethanol and suitably diluted to record its concentration by intrapolation from the caliberation curve. The EE and CL were calculated using the following formulae.
Whereas Wtotal represents total amount of curcumin added for preparing loaded nanoparticles, Wfree is amount of curcumin found in supernatant after centrifugation, Wnp represents the weight of nanoparticles after gravimetric analysis.
Thermal characterization (Differential Scanning Calorimetry)
The thermal property of the samples were studied in the powder form by recording the differential scanning colorimeter (DSC) response curve in the temperature range 30 °C to 300 °C, at a heating rate of 20 °C /min, in nitrogen atmosphere using SHIMADZU differential scanning calorimeter (DSC-60). The analysis was performed in TA-60WS software package.
Powder X-ray diffraction studies
Phillip Analytical PW1710 X-ray diffractrometer was used to study the diffraction pattern. The spectra were recorded using Cu Kα at the voltage of 40 KV, a current of 20mA, a time constant of 4, a channel width of 7mm and chart speed of 10mm/min.
Fourier Transform Infrared spectroscopy (FT-IR)
FT-IR analysis of RP and RLNs were performed on FT-IR spectrometer (JASCO, 4100, Japan) with diffused reflectance technique (DR-41 sample cell).
Cell line culture and maintenance:
HEK cells (Human Embryonic Kidney) cells were purchased from NCCS, Pune, India. Cells were maintained in Dulbecco's modified Eagle's medium (DMEM, Sigma,USA) containing 10% heat-inactivated fetal bovine serum (FBS, Lonza), 100 U/ml penicillin, 100 U/ml streptomycin and 2 mM L-glutamine at 37°C in a humidified atmosphere of 5% CO2. Cells were passaged every 2-3 days to maintain exponential growth.
The cell viability assay
The cell viability of the samples was studied by means of a colorimetric microculture assay (MTT) on HEK cell lines 20 . 1×104 cells/well were seeded in 100 μl DMEM, supplemented with 10% FBS in each well of 96-well microculture plates and incubated for 24 h at 37 °C in a CO 2 incubator. The desired concentrations of the samples were made and added to the wells with respective vehicle control. After 24 h of incubation, 10 μl MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide) (5 mg/ml) was added to each well and the plates were further incubated for 4 h. Then the supernatant from each well was carefully removed, formazan crystals were dissolved in 100 μl of DMSO and absorbance at 540 nm wavelength was recorded. Dose response curves were constructed between the range 200 μM -1μM for samples under study. The % cell viability was expressed i.e. decreasing number of viable cells with increasing concentration of samples. The difference in cell viability between blank LCN, blank ALG-LCN and respective curcumin loaded samples in these nanoparticles were studied and compared. All measurements were carried out in triplicate and results were compared by employing ANOVA test at confidence interval of 95%.
In vitro release profile of the curcumin from LCNs and ALG-LCNs
In vitro release study was performed in acidic solution 0.1 N HCl (pH 1.2) and at pH 6.8 phosphate buffer by some modifications in the dialysis bag method as described by Shah et al. 21 Dialysis membrane of 12,000-14,000 molecular weight cut-off (Fisher brand) was used for the experiment. Glycerine in the membrane was washed with the warm Milli-Q water thrice and five ml of LCNs and ALG-LCNs (5mg) were suspended in dissolution medium. Temperature was maintained at 37°C during the experiment at stirring speed of 100 rpm. Two milliliters aliquot were withdrawn at predetermined time intervals and replaced by an equal volume of a fresh dissolution medium. After suitable dilution, the samples were analyzed spectrophotometrically at 421 nm for amount of curcumin released. The concentrations of the curcumin were analysed by calculating its concentrations from calibration curve. Tween 80 (1%w/v) was used as dissolution medium to facilitate dissolution of curcumin in the dissolution medium.
Photostability Studies of Curcumin in LCNs and ALG-LCNs
The UV protective effect of LCNs and ALG-LCNs on Curcumin was studied by adopting and modifying the method described by Li et al. 22 Briefly Uncoated lecithin nanoparticles, LCNs, ALG-LCNs suspensions with curcumin (each sample having 5mg of curcumin) and equivalent amount of free curcumin (in 10% ethanol) were taken in a small vials and were exposed to UV light source placed at a distance of 15 cm over a period of 24 hours. Volume equivalent to 100µg was taken out from each vial and then diluted in 10 ml after 24 hours and analysed for amount of curcumin present at the end of 24 hour in the sample.
Thermal stability Studies of Curcumin in LCNs and ALG-LCNs
The thermal stability studies of the prepared nanoparticles were carried out by procedure described as follows. Briefly, ALG-LCNs and LCNs and free curcumin (1% tween80) were added in glass vials and were incubated at 63°C for 30 min and 100°C for 10 minutes to simulate pasteurization process. The vials were taken out and equilibrated with room temperature for about an hour and their physicochemical parameters like size, PDI, surface charge were assessed. The 0.1 ml of each sample solution was taken out and were passed through 0.45µm ultra filter with a syringe and recoveries of the curcumin were calculated by recording its absorbance at 421 nm. The higher recoveries meant greater absorbance of the curcumin in the respective samples.
The In-vitro anti-inflammatory assays
The membrane stabilization assay on GRBC The membrane stabilization assays were performed to investigate whether there was any compromise in antiinflamamtory activity of curcumin when encapsulated in prepared nanocarriers. The method adopted was slight modification in the method previously reported. 23 Briefly, fresh Goat blood was collected from a local slaughter house in a heparinized tube with added preservatives. The collected blood was immediately centrifuged at cold temperature and erythrocytes were washed with isotonic phosphate buffer saline (PBS). The Erythrocytes were resuspended in buffer solution at pH 7.4 to obtain fixed concentration of RBCs. This sample was considered as control sample. The curcumin loaded in nanocarriers and free curcumin at equivalent concentration of 100 µg was added to eppendorf tubes containing RBCs to make final volume of solution to 2ml. The mixture and RBCs were incubated at body temperature for 30 min. After this, tubes were kept in ice bath and centrifuged at 5000 rpm speed. The concentration of haemoglobin in the supernatant was measured by UV spectrophotometer at a fixed wavelength of 540nm. For membrane stabilisation under thermal conditions, all the parameters and concentrations were maintained same except that samples under studies were kept at 60° C for 30 minutes except at room temperature. The experiments were performed in triplicate and analysed by one way ANOVA statistical technique.
Statistics Tests
Data are shown as means ± standard deviations in the measurement (SD) (n = 3). Statistical data were analyzed by one way ANOVA test at the significance level of P = 0.05, 0.1and 0.01 performing Turkey post test to compare all groups using GraphPad Prism 5 software.
RESULTS

Size, Surface charge and size uniformity of the nanoparticles
In previous studies, it was observed that upto 5 mg of curcumin could be loaded in lipid/biopolymer nanoparticles with satisfactory values for size, positive surface charge and particle size distribution 15 . Hence 5 mg of curcumin was loaded in self assembled nanoparticles for further sodium alginate coating. The concentrate of curcumin loaded LCNs were taken after centrifugation and were added to 20 ml of suitably diluted sodium alginate solution in the concentration of 0.01, 0.025, 0.050, 0.075 and 0.1% w/v. The results obtained are expressed in Table 1 . It was observed that submicrometer range alginate coated nanoparticles could be formed when alginate concentration was upto 0.075 % w/v. However at the concentration of 0.1% particles were aggregated rapidly in the solution. The inversion in surface charge above 20mV was observed at concentration of 0.025% w/v and above, however there was no significant difference in the values of surface charge at concentration of 0.050 and 0.075 %w/v suggesting saturation of interacting amino groups of positively charged chitosan with negative charged carboxylate groups of alginate. The optimum size, surface charge and uniformity values for the particles were observed at the concentration of 0.05% w/v of sodium alginate. Hence batch with this concentration was selected for further studies. In addition purpose of the research was also to investigate effect of alginate uncoated and alginate coated Particles on cytotoxicity of the cells as well a membrane stabilization effect. For this type of comparison we also prepared LCNs with similar hydrodynamic diameter to that of ALG-LCNs.
Morphology
Morphology assessment by SEM experiments have been depicted in Figure 1 . It was observed that ALGLCNs of < 300 nm size of roughly spherical shape were formed. The spherical shape of nanopaticle was highly beneficial with respect to cellular internalization of the nanoparticles as suggested by Jo et al. 24 
Encapsulation efficiency (EE) and Curcumin loading
For the formation of ALG-LCNs only ratio of sodium alginate was varied to chitosan and drug remained constant. However preparation of concentrates of curcumin loaded LCNs and process of alginate coating has contributed to significant change in encapsulation efficiencies and curcumin loading of the prepared samples. The data of EE and CL are represented in Table 1 . It was observed that curcumin was lost upto 5-10% during alginate coating process and formation of concentrates.
FT-IR spectroscopy
FT-IR spectroscopy of sodium alginate, physical mixture of curcumin powder-chitosan-alginate-lecithin and curcumin loaded ALG-LCNs have revealed important information regarding possible interactions between functional groups of added ingredients in formulation and are presented in Figure 2 . It has also helped to gain insight into possible mechanism of coating of alginate on the nanoparticles. Alginate has presented peaks at wavenumbers (expressed in cm-1 ) of 3423 (OH stretching vibrations), 2921 (stretching vibration of alkyl group), 1649 (keto group stretching vibrations), 1620 (assymetric carboxylate anion stretching), 1419 (symmetric carboxylate anion stretching), 1093 (CH-OH in cyclic alcohol) and 1029 (C-O-C stretching). Curcumin physical mixture has shown predominant peaks of curcumin at 3510 (phenolic OH stretch), 3010 (aromatic CH stretch), 1735 (stretching frequency of keto group) etc. However in Curcumin loaded ALG-LCNs prominent peaks of Curcumin were either disappeared or reduced in intensity suggesting complete encapsulation of curcumin inside lecithin core. There was a substantial reduction in asymmetric and symmetric carboxylate anion frequencies of sodium alginate suggesting their involvement in ionic bond formation with amino group of chitosan.
Thermal studies
DSC thermograms of alginate, physical mixture of all ingredients and curcumin loaded ALG-LCNs have been represented in Figure 3 . DSC thermogrtam of alginate has represented endothermic peak 84°C with a onset at 40°C and exothermic peak at 257 °C representing decomposition of the biopolymer at suggested by Soares et al. 25 On comparing the thrmograms of physical mixture of nanocomponents and curcumin loaded ALG-LCNs it was observed that thermogram patterns were completely changed upon encapsulation of curcumin. Also curcumin peaks in physical mixtures at 197°C with a onset of 185°C were completely disappeared in nanoparticles system. There was reduction in the noises in peaks due to several nanocomponents in nanoparticulate system as compared to its physical mixture suggesting almost all components interacted mutually to form thermally co-existing unit.
Crystallinity
Crystallinity of the nanoformulations has great role to play in solubility and therefore release profile of the active ingredient. 26 XRD studies have revealed that crystallinity of the curcumin nanoformulations has been completely diminished as there were no intense peaks in XRD of loaded ALG-LCNs as shown in Figure 4 . On the contrary, physical mixtures of the nanocomponents have shown distinct and intense peaks at theta angles of 7.22°, 8.76°, 10.6°, 17.99°, 19.52°, 34.25° etc. It has been observed that there was increase in systemic bioavailability of antifungal drug itraconazole when it was incorporated in amorphous nanoparticulate form 27 . Hence, this novel amorphous nanoparticulate system ought to enhance the solubility and other pharmacokinetic properties of curcumin encapsulated in it.
In-vitro drug release profile
In-vitro release profile of the curcumin in its powdered form, in LCNs and ALG-LCNs have shown distinct profiles. The release profile of curcumin in LCNs and ALG-LCNs differed significantly at initial acidic pH (pH 1.2). Curcumin has shown burst release from LCNs whereas controlled release was observed from ALG-LCNs at acidic pH in initial 2 hours. At pH 6.8 upto 80% of curcumin released from LCNs whereas in ALG-LCNs upto 80 % of curcumin was released at the end of 12 hours suggesting sustained release profile. This could be attributed to property of chitosan layer at acidic pH where excess ionization of amino groups increases its solubility further exposing amphoteric lecithin to the outer aqueous environment. In case of ALG-LCNs ionization of amino groups gets prevented hence preventing lecithin core from such exposure. Hence it could be concluded that alginate coating offers enteric coating to LCNs preventing their damage and mucoadhesive properties. The release profile of piperine from different formulations have been depicted in Figure 5 .
Cytotoxicity assay
It was reported that surface charge of the nanoparticles plays an important role in cellular internalization as well cellular toxicity. 28 The preparation of lipid core nanoparticles with opposite surface charges prompted us to observe their effect on cellular toxicity. Hence toxicity studies of unloaded nanocarriers were performed on Human embryonic Kidney cells by MTT assay. HEK cells were selected for these studies because previously these cells have been used to study cellular toxicity of the nanoparticles. 29 For assessing the effect of surface charge of the nanoparticles on cellular toxicity it was essential to maintain all other variables constant including size of the nanoparticles. For this, Chitosan coated lecithin nanoparticles were prepared taking different ratios of lecithin and chitosan so that their sizes would match to that of ALG-LCNs. It was observed that there was no significant differences in cell viability of HEK cells after 24 hours (Figure 6 ). This could be attributed to the fact that thin layer of alginate could not make a significant difference in interaction with cellular membranes of HEK cells and size played an important role in determining cytotoxicity as compared to surface charge of the nanoparticles.
In-vitro-anti-inflammatory activities
It was observed that there was significant difference in membrane stabilization effect of curcumin when loaded in LCNs and ALG-LCNs. Curcumin loaded in LCNs has offered greater membrane stabilization activity as compared to in ALG-LCNs. This could be attributed to greater adherence of positively charged LCNs to membrane of the GRBCs and protect lysis of the RBCs. However in thermally induced haemolysis both types of nanoparticles prevented haemolysis to equal extent. This could be due to thermal energy induced loosening of chitosan-RBC membrane interaction. The data have been presented in Figure 7 .
Photoprotective effect of ALG-LCNs and LCNs on curcumin
It was observed that curcumin in both the formulations was protected to equal extent as compared to in the dissolved form in methanol. This signifies that there was no special or additional effect of alginate coating on photoprotection of curcumin. The results have been presented in the Figure 8 .
Thermal stability of curcumin in LCNs and ALG-LCNs
It was observed that curcumin was more stable in the ALG-LCNs as compared to LCNs. There was more curcumin in the solution after incubation at higher temperature. There was significantly higher quantity of curcumin found in LCNs nanoparticles (P>0.005). This could be attributed to extra layer of strongly bound supramolecular assembly of alginate to chitosan. The absorbances of curcumin in both the nanoparticulate systems have been represented in Figure 9 .
CONCLUSION
Lecithin/chitosan nanoparticles offered opportunity to coat their cationic surface by anionic biopolymer like alginate which was thought to be imparting additional beneficial properties in bioactivities, stability and release properties. However, our observation have revealed that although in-vitro cell viability of the HEK cells were not affected by this change, the release properties got significantly changed in alginate coated nanoparticles. Release studies have shown that novel ALG-LCNs have imparted controlled and sustained release profile to curcumin active ingredient. Hence tuning of the surface charge of lipid biopolymers present exciting prospects for scientists working in nutraceutical and pharmaceutical industries.
